Objectives: To describe the clinical-radiological-pathological characteristics and treatment outcomes of children with suspected exogenous lipoid pneumonia (ELP). Design: Systematic review. We searched electronic databases and reference lists published between 1967 and 2018, restricted to non-accidental cases. Results: Forty-four studies including 489 participants aged 1 day to 17 years from 13 countries were included. Cultural, medical, and behavioural rationale for oil-use was described. The clinicalradiological presentation varied widely. Diagnostic certainty was deemed highest if ELP was confirmed on bronchoalveolar lavage/frozen section lung biopsy with documented extracellular lipid on cytological staining and/or fat analysis. Non-tuberculous mycobacteria infection was identified in six studies: Mycobacterium fortuitum/chelonei, Mycobacterium smegmatis and Mycobacterium abscessus. Treatment comprised supportive therapy, corticosteroids, stopping oil, therapeutic lung-lavage and surgical resection. Outcomes were reported inconsistently. Conclusion: Paediatric ELP resulting from cultural and medical practices continues to be described globally. Preventive interventions, standardized reporting, and treatment efficacy studies for cases not averted, are lacking.
Educational aims
To recognize that exogenous lipoid pneumonia (ELP) in children resulting from cultural and medical practices is a rare albeit preventable interstitial lung disease. To review the clinical-radiological patterns of paediatric ELP which vary widely making this diagnosis indistinguishable from other causes of persistent pneumonia. To describe the association of non-tuberculous mycobacteria (NTM) infections and paediatric ELP resulting in significant comorbidity. To rank studies on ELP in children in the existing literature based on diagnostic certainty and propose standardized case definitions and consistent reporting of treatment outcomes and efficacy.
INTRODUCTION
Exogenous lipoid pneumonia (ELP) is a disorder caused by inhalation or aspiration of mineral, plant-based or animal-based oils and is generally uncommon [1, 2] . ELP related to the use of nonvolatile oils in children has been reported in the literature in several parts of the world. One of the earliest articles published on this condition was based on autopsy findings in Canadian children who developed pneumonia following nasopharyngeal injections of oil in hospital [3] . Subsequently, literature on ELP related to medical use of oil-based products in children as well as the use of various folk remedies involving nasal or oral administration of these oils in children and related cultural practices have also been documented [1, 4, 5] .
In addition to a history of oil ingestion or aspiration, children with ELP have been reported to present with non-specific clinical and radiologic findings and variable treatment outcomes [1, 2] . Expert reviews provide a consensus approach of discontinuing oil, treating infections and identifying underlying risk factors [1] however to the best of our knowledge, no formal systematic reviews and meta-analyses have been conducted. Systematically reporting on the global context of non-accidental ELP in children regarding clinical-radiological-pathological characteristics and treatment outcomes may provide a holistic perspective with a robust evidence base for management of these children and identify areas for further research.
MATERIALS AND METHODS
The systematic review methodology was registered on PROS-PERO, an international prospective register for systematic reviews as CRD42017068313.
Eligibility criteria
We included studies conducted in any context globally involving children less than 18 years old suspected to have ELP. Exogenous lipoid pneumonia was suspected under the following conditions: (1) history of oil administration related to time of presentation/diagnosis, (2) clinical presentation of persistent or recurrent unexplained pneumonia associated with hypoxia or tachypnea, (3) radiological evidence of persistent diffuse alveolar infiltrates on chest radiograph or computed tomography (CT) chest, and/or (4) cytohistological findings on bronchoalveolar lavage (BAL) or lung biopsy that were consistent with exogenous lipid content. Two levels of case definitions were applied in this systematic review: (a) suspected ELP, for cases in which a cytohistological diagnosis was not available/documented; and (b) confirmed ELP, for cases that included cytohistological findings. Eligible study designs included retrospective or prospective: (a) analytic studies (cross sectional, case-control, cohort or intervention studies), (b) descriptive studies (case reports, case series, cross sectional studies), and (c) qualitative studies. We included studies that had adults and children if the data for adults could be separated and excluded. Letters, editorials, commentaries, conference abstracts, all types of reviews, meta-analyses, non-human studies and non-English studies were excluded.
Information sources, search and study selection
We employed a multi-concept Boolean search strategy based on the Population, Intervention, Control, Outcome, Timing and Setting (PICOTS) framework [6] . This search strategy used keywords related to ELP in children and was restricted to English publications published within the last 50 years. This period was arbitrarily deemed to represent data that were currently relevant. dp]) AND ''English" [la] . Thereafter the primary reviewer screened abstracts for eligibility, retrieved full texts to confirm eligibility and extracted data for quantitative synthesis.
Data collection process
Using a standardized tool, the first author independently extracted data from eligible articles and consulted senior reviewers during this process whenever required. Broad characteristics under which data were extracted included: clinical-radiological characteristics and treatment outcomes in children with suspected ELP. Specific information recorded from each included study and details on study quality assessment are provided as Supplementary material (Appendix A).
Synthesis of results and analyses
A narrative summary for the studies eligible for this systematic review is provided classified by diagnostic certainty and restricted to non-accidental etiologies. Given that the predominant designs of the studies included were case series and case reports, summary measures could not be pooled nor could quantitative data be consolidated in a metanalysis.
RESULTS
We identified 1672 articles through the electronic database search and one additional record through hand search of references in the current literature. Duplicates were excluded and of the remaining 1349 titles and abstracts, 162 were eligible for full text assessment. Of these, 44 studies were included for qualitative synthesis as depicted in the PRISMA flow chart ( Fig. 1) .
Eligible studies were conducted between 1st January 1967 and 12th August 2018 and included 489 participants from 13 countries: 24 studies from Asia, 15 from the Americas, 4 from Europe and 1 from Africa. Participants' age at presentation ranged from 1 day to 17 years. Of the 44 studies, 22 were case reports, 18 were case series, three cross-sectional studies and one cohort study. Thirty-three of the 44 included studies documented cytohistological assessment of bronchioalveolar lavage and/or lung biopsy ( Fig. 2 and Appendix B).
Diagnostic certainty of ELP
We further characterized studies based on their diagnostic certainty of ELP: (1) suspected ELP without BAL/frozen section lung biopsy assessment (11/44); (2) possible ELP with suggestive BAL/ frozen section lung biopsy assessment but no mention of lipid staining (4/44); (3) probable ELP with lipid staining on BAL/frozen section lung biopsy cytohistology but no mention of extracellular lipid (13/44); and (4) definite ELP with lipid staining on BAL/frozen section lung biopsy cytohistology plus mention of extracellular lipid (14/44)/ and additional fat analysis (chromatography) of BAL specimen (2/44) ( Fig. 1 and Appendix B).
Oil use and rationale
Mineral, animal-based, plant-based and combinations of oils were reported in the studies included in this systematic review. These oils were used for three main reasons: (1) cultural (2) medical or (3) behavioural. Ghee (rendered animal fat) and olive oil were commonly documented in studies from Saudi Arabia and India for which they were used culturally for oral/nasal cleansing purposes in oil baths, as a laxative, for nutritional supplements, to prevent coughs and colds and to generally promote good health [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Shark liver oil was mainly reported in South Korea for cultural reasons [23] . Plant-based cooking oil or mineral oil was given to infants to aid in digestion and prevent constipation for cultural reasons in South Africa [24] . In Brazil, mineral oils were predominantly used for medical reasons as a laxative in the treatment of chronic constipation and partial intestinal obstruction resulting from ascariasis [25] [26] [27] [28] . In North America, mineral oil was predominantly given to children as a laxative in the treatment of chronic constipation [29] [30] [31] [32] [33] , with few studies reporting on immigrants from Guatemala and Mexico using olive oil for cultural reasons to help with colic, digestion and nasal congestion [34, 35] . Infrequent rationale for oil use in children at risk of aspiration due to their neurological conditions. included the ketogenic diet for the medical management of intractable seizures [36, 37] , and the use of Lorenzo's Oil which is extracted from rapeseed oil and olive oil in the management of adrenoleukodystrophy (ALD) [38] .
One study reported oil ingestion in a child with a behavioural disorder who drank large amounts of oil when frustrated [39] . Regarding duration of oil use, majority of the studies reported on prolonged/repeated administration. Few studies reported on acute oil use, and some did not provide this information. The amount and frequency varied widely within and across studies, ranging from 2.5 ml to 20 ml, given once to thrice daily, in documented cases (Appendix B).
Clinical presentation
Children with ELP presented with varied respiratory symptoms and signs including cough, chest pain, tachypnea, reduced breath sounds, crepitations, hypoxia and clubbing. In addition, some studies had well described risk factors or comorbidities, whereas others did not. These risk factors and co-morbidities included gastrooesophageal reflux, aspiration syndromes; force-feeding, choking, feeding in the recumbent position, infancy; neurological conditions including cerebral palsy, intractable seizures and ALD; gastrointestinal conditions such as chronic constipation, partial intestinal Fig. 3 . Examples of radio-pathological characteristics of paediatric exogenous lipoid pneumonia from an African Case Series [24] . obstruction, Hirschsprung's disease, colic, and failure to thrive/malnutrition; and nasal congestion (Appendix B).
Microbiology
Of the 44 studies, 25 reported co-infections. Six studies identified non-tuberculous mycobacteria (NTM) co-infection cultured from blood or respiratory tract secretions. These included Mycobacterium fortuitum [10, 40, 41] , M. fortuitum/chelonei [42] , Mycobacterium smegmatis [31] and Mycobacterium abscessus complex [24] . Other infections described in the selected studies included Branhamella catarrhalis [35] ; Pseudomonas, Acinetobacter, Klebsiella [20] ; respiratory viruses including Adenovirus, Human Metapneumovirus, Human Bocavirus, Human Rhinovirus, Parainfluenza, Respiratory Syncytial virus A and B, Coronavirus and various bacteria and fungi [24] ; Chlamydia on serology [39] ; and Enterococcus, Escherichia coli, Klebsiella, coagulase positive Staphylococcus and Clostridium from peritoneal exudate [29] (Appendix C).
Radiological imaging
Plain chest radiography was the most common imaging modality described and was reported in 41 of the 44 included studies. The most frequent radiological patterns on plain chest radiography was airspace/ground glass opacification in various lobes. A few studies reported expansile pneumonia in the right upper lobe [7, 17, 19, 24] and features suggestive of bronchiectasis/chronic lung changes [15, 22] . Chest CT was documented in 26 studies. Diffuse airspace/ground glass opacities were noted in most studies with basal/lower lobe predominance. Less frequent findings on CT were fatty attenuation [23, 24, 26, 27, 33, 35, 39, [43] [44] [45] , interstitial septal thickening/crazy-paving appearance [23, 24, 26, 27, 35, 38, 46] , expansile pneumonia [7, 19, 24] and nodules [26] . Magnetic resonance imaging (MRI) of the chest was performed in one study that utilized the fat saturation technique and showed fat depressed signal in the middle of the lobe not identified on prior chest CTs [19] ( Fig. 3 and Appendix C).
Treatment and clinical-radiological outcomes
Treatment reported in most studies comprised supportive therapy which included antibiotics, oxygen and assisted ventilation. Corticosteroid use was reported in 20 studies and administered by different routes; intravenous dexamethasone at 0.3 mg/kg was given for two weeks [45] , prednisone was administered at 1-2 mg/kg/day from 2 weeks to 14 months [10, 18, 19, 24, 28, 31, 47] , and inhaled beclomethasone was given at 250 mcg 12 hourly for 6 months [47] . Therapeutic partial or whole lung lavage [12, 24, 25, 27, 39, 43, 46] and surgical resection were additional treatment modalities reported in children with ELP [7, 10, 11, 22, 42, 44] .
There were no cohort or randomized control studies conducted to determine the efficacy of the various therapeutic modalities used. The descriptive data tended to suggest that corticosteroids and therapeutic partial/whole lung lavage seemed to be associated with shorter time to clinical resolution; whereas surgical lung resection may be associated with more complications including death. In one study the number of activated T lymphocytes and alveolar macrophages was monitored in the BAL to assess treatment outcome, whereby over the 6, 12, and 18 month follow-up period after stopping oil, the macrophage numbers increased and lymphocyte numbers decreased, specifically those in the activated state [46] . Overall, clinical resolution was reported with discontinuation of oil administration and other interventions. Radiological resolution, however, was significantly delayed in comparison to clinical disease. Mortality was reported inconsistently (Appendix C).
DISCUSSION
In the past half-century, paediatric ELP resulting from cultural, medical and behavioural practices has continued to be described in the literature globally, despite being a potentially preventable condition. However, the trend in reporting studies of ELP in children has been decreasing over the last five decades, with the highest peak of published articles noted between 1987 and 2006. Increased awareness of the complications of these oil practices may explain this decline over time. Notably, paediatric ELP from Africa has been described for the first time in the literature only recently [24] . Besides cultural practices, the medical use of Lorenzo's oil and ketogenic diets in children with severe neurological conditions should be recognized as a possible albeit rare cause of ELP [36] [37] [38] . There is a dearth of studies reporting on interventions geared towards averting paediatric ELP. Designing effective behaviour change prevention strategies that are theoretically sound, contextually relevant and potentially translatable to similar global settings is imperative.
The type, amount, frequency and duration of oil use documented in the selected studies varied widely; and may partly explain the heterogeneous clinical-radiological pattern of paediatric ELP that makes it indistinguishable from other causes of persistent pneumonia or diffuse lung disease in children. NTM disease in patients with ELP is an important comorbidity that is postulated to be favored by the lipophilic environment, and is a finding that is consistent with previous experimental studies [48] and literature in adults [49, 50] . Supportive management particularly antibiotic treatment was the most common treatment offered to children with ELP. Although qualitative findings from this systematic review seem to suggest that steroids and lavage may improve time to clinical resolution, surgery could be associated with many complications including death, and radiologic resolution may be delayed in comparison to clinical resolution, prospective studies to assess the efficacy of treatment interventions in paediatric ELP are needed.
Furthermore, the definitions of paediatric ELP are too heterogenous to make comparisons across studies. We therefore propose a scale of diagnostic certainty comprising four levels: suspected, probable, possible, and definite on cytological assessment/and fat analysis. This scale is envisaged to provide standardized case definitions in reporting new cases and would facilitate research across studies of optimal management strategies and outcomes. Diagnostic certainty levels have been proposed for randomized control trials in other conditions in children such as wheezing, where standardized definitions are lacking [51] . Additionally, standardized reporting could be adapted from international registries such as the international management platform for ChILD [52] or other global registries. Preferably data collection should be prospective to prevent pitfalls of bias and missing data.
The main limitations of this systematic review were the studies included comprised case reports, case series and few crosssectional studies making it difficult to pool data; exclusion of non-English articles; and a single reviewer. Studies reviewed were highly biased with respect to patient selection due to the nature of their design. Notwithstanding these limitations, we believe that our study provides a current and robust perspective on ELP in children resulting from non-accidental aetiologies.
CONCLUSION
This systematic review highlights that paediatric ELP is uncommon but may be easily overlooked in societies where oil administration to infants and children is a common cultural practice. Although clinical-radiological patterns vary widely making them non-specific to diagnosing paediatric ELP, health-workers should not forget that ELP is an important cause of ILD in children with persistent pneumonia. Prevention strategies geared at effective behaviour change; and standardized reporting and treatment efficacy studies for cases that are not averted, are needed.
DIRECTIONS FOR FUTURE RESEARCH
Behaviour change interventions to avert paediatric ELP are imperative. These preventive strategies should be theoretically sound, contextually-relevant and globally translatable. Additionally, further understanding of the association between NTMs and ELP is needed, and treatment trials are lacking. 
